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(57) ABSTRACT 

To reduce the connection resistance betWeen copper Wirings, 
and to improve the reliability of the Wiring such as anti 
electrornigration characteristics. 

1) a semiconductor device having a Wiring structure in 
Which an upper and a loWer copper Wirings are formed 
through an interlayer insulation ?lm, and the upper and 
loWer copper Wirings are connected With a tungsten plug, 2) 
a-high density barrier layer is formed betWeen the copper 
and the tungsten, 3) said copper Wiring is embedded in a 
groove formed in an insulation ?lm, 4) for forming an 
embedded copper Wiring, a barrier metal is formed in a 
groove, a copper ?lrn is deposited by sputtering to a thick 
ness above the depth of the groove, re?oWed by heating to 
a temperature of 300 ~450° C., and polished to leave a 
copper Wiring in the groove, 5) a loWer layer copper Wiring 
and an insulation ?lrn are deposited, and a planariZing 
insulation ?lrn is formed thereon, 6) a copper Wiring is 
formed, and reduced in a reducing gas, and Without exposing 
to the atmosphere, an insulation ?lrn is deposited. 
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SEMICONDUCTOR DEVICE WITH COPPER 
WIRING AND ITS MANUFACTURE METHOD 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0001] 1. Technical Field to Which the Invention Belongs 

[0002] This invention relates to a semiconductor device 
and its manufacturing method and more particularly to a 
method of embedding and connecting a copper (Cu) Wiring 
and the structure. 

[0003] Copper Wiring is required a high anti-electromi 
gration characteristics and a high grade embedding charac 
teristics. 

[0004] 2. Conventional Art 

[0005] Copper Wiring is hard to be patterned by using 
reactive ion etching (RIE), as employed in patterning the 
conventional aluminum Wiring, and hence embedded 
Wiring is solely employed. 

[0006] As the technique of embedding a via hole through 
an interlayer insulating ?lm formed on a conventional 
copper Wiring, those embedding methods are proposed such 
as a method by chemical vapor deposition (CVD) of copper 
and deposition by electroplating. 

[0007] HoWever, according to the CVD method or the 
electroplating method, many impurities are contained in the 
copper, and it is difficult to obtain high reliability against 
electromigration, etc. 

[0008] Subject to be Solved by the Invention 

[0009] An object of this invention is to reduce the con 
nection resistance betWeen copper Wirings, and to improve 
the reliability of the copper Wiring such as anti-electromi 
gration characteristics. 

[0010] Mean for Solving the Subject 

[0011] The solution to the above subject can be achieved 
by: 

[0012] 1) a semiconductor device characteriZed by 
having a Wiring structure in that an upper and a toWer 
copper Wirings are formed through an interlayer 
insulating ?lm, and said upper and loWer copper 
Wirings are connected With a tungsten plug; or 

[0013] 2) the semiconductor device as described in 
said 1, characteriZed in that a titanium nitride ?lm is 
interposed betWeen said copper Wiring and said 
tungsten plug, and said titanium nitride ?lm has 
much (200) plane than (111) plane; or 

[0014] 3) the semiconductor device as described in 
said 1, characteriZed in that said copper Wiring is 
embedded in a trench formed in an insulating ?lm; or 

[0015] 4) the semiconductor device as described in 
said 1, characteriZed in that the cross section of said 
copper Wiring is larger than the cross section of said 
tungsten plug in the current direction; or 

[0016] 5) a method of manufacturing a semiconduc 
tor device characteriZed by comprising the steps of: 
forming an insulation ?lm on a semiconductor sub 
strate; then forming a trench in said insulating ?lm; 
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then forming a copper Wiring in said trench; then 
forming an interlayer insulating ?lm on said semi 
conductor substrate, and forming a connection hole 
in said interlayer insulating ?lm to eXpose said 
copper Wiring; then, embedding said connection hole 
With tungsten to form a plug; and then, forming an 
upper copper Wiring connected With said plug; or 

[0017] 6) the method of manufacturing a semicon 
ductor device as described in said 5, characteriZed in 
that upon forming the copper Wiring, the method 
further comprises the step of forming a ?lm of a 
compound containing a refractory metal or a nitride 
of a refractory metal as a barrier metal in said trench; 
or 

[0018] 7) the method of manufacturing a semicon 
ductor device as described in said 5, characteriZed by 
further comprising upon forming the copper Wiring, 
the steps of: depositing, using sputtering, a copper 
?lm to a thickness eXceeding the depth of said 
trench; then heating said copper ?lm to a temperature 
of 300~450°C. to re?oW the copper ?lm; then pol 
ishing said copper ?lm to form a copper Wiring in 
said trench; or 

[0019] 8) the method of manufacturing a semicon 
ductor device as described in said 5, characteriZed by 
further comprising, upon forming a tungsten plug, 
the steps of: depositing a refractory metal ?lm con 
taining nitrogen covering a connection hole formed 
in an interlayer insulating ?lm; then depositing a 
tungsten ?lm, embedding said connection hole; then 
removing by polishing the refractory metal ?lm 
containing nitrogen and a tungsten ?lm on the inter 
layer insulating ?lm, to planariZe the surface; or 

[0020] 9) a method of manufacturing a semiconduc 
tor device characteriZed by comprising the steps of: 
forming a copper Wiring in a trench formed in an 
insulating ?lm; and forming a planariZing insulating 
?lm on said insulating ?lm, to planariZe the substrate 
surface; or 

[0021] 10) a method of manufacturing a semiconduc 
tor device characteriZed by comprising the steps of: 
forming a copper Wiring; heating the substrate in a 
reductive gas to a temperature over 250° C., or 
reducing an oXide ?lm on a surface of said copper 
Wiring in a plasma of a reductive gas; then, Without 
eXposing said copper Wiring to an external atmo 
sphere, depositing an insulating ?lm on said copper 
Wiring; or 

[0022] 11) a method of manufacturing a semiconduc 
tor device characteriZed by comprising the steps of: 
forming a connection hole in an insulating ?lm 
formed on a copper Wiring; heating the substrate in 
a reductive gas to a temperature over 250° C., or 
reducing an oXide ?lm on a surface of said copper 
Wiring in a plasma of a reducing gas; and then 
depositing a metal for connection on said copper 
Wiring. 

[0023] FIG. 1 is a diagram for eXplaining the principle of 
this invention. 
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[0024] In the ?gure, an upper and a lower copper Wirings 
11, 15 formed by sputtering are connected With a plug of 
tungsten (W), Which is refractory metal, to form an electrical 
contact. 

[0025] Copper formed by sputtering has a high purity and 
a high resistance against electromigration. 

[0026] HoWever, the sputtered copper does not have a 
sufficient coverage to embed a via hole. If a CVD copper 
?lm having a good coverage is used, it is possible to embed 
a via hole, but the anti-electromigration characteristics 
becomes inferior. 

[0027] Hence, this invention employs a tungsten plug 13 
having a high anti-electromigration characteristics in a 
device Which is required for a high current density (8x10 A/ 
cm2 or above), or in a via hole Where a current of higher 
current density than in the embedded copper Wiring ?oWs. 

[0028] In the case of forming a tungsten plug 13 on a 
copper Wiring 11, for preventing diffusion of WF6, Which is 
a roW gas of tungsten, to a copper Wiring 11, a titanium 
nitride (TiN) ?lm 12 of suf?cient thickness and high density 
is deposited on the bottom of a via hole, to obtain a contact 
of loW resistance. 

[0029] If a step Aof a recess is formed on a copper Wiring 
11, a TIN ?lm 12 under a tungsten plug 13 remains as a 
residue after mechanical chemical polishing (CMP) at a 
neighborhood of a location B. This is due to the fact that the 
shape of the step A is directly transferred to an upper layer. 

[0030] This step Acan be planariZed as shoWn in the ?gure 
by using a spin on glass (SOG) ?lm 5. By this, no residue 
remains after CMP of the tungsten plug 13. This also holds 
in the case of a plug using copper, as Well a tungsten plug. 

[0031] When an insulating ?lm 4 is deposited on a copper 
Wiring 11, a native oxide ?lm of copper is formed on the 
copper Wiring 11. When a plasma silicon nitride (P-SiN) ?lm 
is deposited thereon, for example, peel-off occurs ascribed to 
the native oxide ?lm of copper. Therefore, the native oxide 
?lm of copper is reduced by using a gas having a reducing 
characteristics against an oxide ?lm, such as hydrogen (H2) 
or ammonia (NH3) and keeping the substrate at a tempera 
ture of 200° C. or above, or in a plasma atmosphere, then a 
P-SiN ?lm is deposited. Adherence betWeen the copper 
Wiring 11 and insulating ?lm (P-SIN ?lm) 4 can be secured 
by this. 

[0032] As described above, a copper Wiring having a high 
resistance against the electromigration can be obtained by 
this invention. Also, by inserting a planariZing process upon 
forming a plug on a trench Wiring, residue of a plug after 
CMP is prevented from remaining on the Wiring. Further, by 
reducing the native oxide ?lm on a surface of a copper 
Wiring, an insulating ?lm having a good adherence can be 
formed on a copper Wiring. 

[0033] Mode for Carrying out the Invention 

[0034] FIG. 2 is an explanatory draWing of the mode for 
carrying out this invention. 

[0035] In the ?gure: 
[0036] (1) By plasma CVD method, an LTO (loW 

temperature deposition SiO)?lm of 500 nm thickness 
is formed as an interlayer insulation ?lm 2 on silicon 
(Si) substrate 1. 
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[0037] Next, by plasma CVD method, a P-SIN ?lm 25 of 
50 nm thickness is formed as the etching stopper ?lm during 
formation of the grooves for Wiring. 

[0038] Next, on top of it, by plasma CVD 
method, an LTO ?lm of 350 nm thickness is formed 
as interlayer insulation ?lm 3. 

[0039] Here, it is acceptable for this ?lm to contain a ?lm 
of loW dielectric constant, such as FSG (F doped silicate 
glass) or HSQ (Hydrogen silsesquioxane) and the like. 

[0040] (3) Next, for forming the grooves for Wiring in 
the interlayer insulation ?lm 3, a photoresist ?lm is 
coated, and exposed. By reactive ion etching (RIE), 
the LTO ?lm of the interlayer insulation ?lm 3 is 
etched using C4F8+CO+Ar gases and stopped by the 
layer of P-SIN ?lm 2S underneath. 

[0041] (4) Next, by sputtering method, a TiN ?lm of 
50 nm thickness is formed as a barrier metal ?lm 10 
for copper on the substrate. This barrier metal ?lm 10 
may also be nitrides of refractory metals like TaN, 
WN,TiSiN and the like. Also, in place of using the 
sputtering method, a TiN ?lm by the method of metal 
organic chemical vapor deposition (MOCVD) is also 
acceptable. 

[0042] (5) After the formation of the barrier metal 
?lm 10, Without breaking the vacuum, by sputtering 
method, a copper ?lm of 0.7 pm thickness is formed 
for forming a copper Wiring 11. 

[0043] At this time, the degree of vacuum reached is 
9x10 Torr. The sputtering conditions are as folloWs herein: 

[0044] 

[0045] 

[0046] 

[0047] 

[0048] 
[0049] (6) After the copper ?lm is formed, it is 

annealed in an atmosphere of 100% hydrogen (H2), 
under a pressure of 100 mTorr, and at a temperature 
of 390 °C., for 5 minutes, to make it re-?oW. 

[0050] (7) Next, by CMP method, the copper ?lm and 
barrier metal ?lm are polished, to form the copper 
Wiring (groove Wiring) 11. 

Ar gas pressure: 2mTorr 

DC poWer: 12 kW 

Distance betWeen target/substrate: 150 mm 

Substrate temperature: 150° C. 

Film formation rate: 1.25pm /minute 

[0051] (8) Next, the substrate is annealed in an atmo 
sphere of 100% hydrogen, under a pressure of 20~80 
mTorr, and at a temperature of 250-350°C., for 2 
minutes, to reduce the natural oxide ?lm on copper 
Wiring 11. Then, by plasma CVD method, a SiN ?lm 
of 50 nm thickness is formed as an insulation ?lm 4 
for preventing the diffusion of copper into the oxide 
?lm from the copper Wiring. 

[0052] (9) Next, an HSQ ?lm is coated on the sub 
strate to a thickness of 400 nm as planariZation ?lm 
5, and cured at 400 ° C. for 30 minutes. 

[0053] (10) Next, by plasma CVD method, an FSG 
(loW temperature deposition SiO) ?lm of 300 nm 
thickness is formed as interlayer insulation ?lm 6. 
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[0054] (11) Next, by plasma CVD method, a P-SiN 
?lm 6S of 50 nm thickness is formed as the etching 
stopper ?lm during the formation of the grooves for 
the upper layer Wiring. 

[0055] (12) Next, for forming via holes of 03pm q), 
photoresist is coated, and exposed. By RIE method, 
300 nm of the FSG ?lm of interlayer insulation ?lm 
6, 400 nm of HSQ ?lm of planariZing insulation ?lm 
5, and P-SiN ?lm 4 underneath it are etched. 

[0056] (13) Next, by Long ThroW Method (method of 
forming a coated ?lm of high density by separating 
the Wafer and the target by over 300 mm, to make 
more perpendicular components of the ?ying sput 
tered particles), a sputtered TiN ?lm of 50 nm 
thickness is deposited as a barrier metal ?lm 12. 
After that, using CVD method, a tungsten ?lm of 300 
nm is deposited. 

[0057] The orientation of this TiN ?lm, (200) /(111) is 
1.0~3.0. 

[0058] (14) Next, by CMP method, tungsten and TiN 
are polished, and tungsten plug 13 is formed in the 
via hole through TiN ?lm 12. 

[0059] (15) Next, through similar processes as (2) 
~(8) above, a copper Wiring 15 is formed in grooves 
formed in an insulation ?lm (LTO ?lm) 7, through a 
barrier metal ?lm 14. 

[0060] (16) Next, as a cover ?lm, a P-SiN ?lm 8 of 
10pm thickness is formed on the substrate. 

[0061] By the above processes, a structure in Which the 
upper and loWer level buried copper Wirings are connected 
With a tungsten plug 7 can be obtained. 

[0062] The contact resistance of the connection betWeen 
the upper and loWer copper Wirings With a tungsten plug 
formed by the embodiment is shoWn in FIG. 3. 

[0063] The ?gure shoWs the cumulative occurrence (ordi 
nate axis) With respect to the contact resistance (abscissa 
axis) in the via hole measured by the Kelvin method. 

[0064] The diameter of the connection via hole is 0.44pm. 
The contact resistance is of the order of about 1w,and the 
dispersion thereof is small (solid circles in the ?gure). 

[0065] If a conventional TiN ?lm having a strong (111) 
orientation is used in the step (13) in the embodiment, the 
dispersion of the contact resistance is large (open circles in 
the ?gure). 

[0066] The result of electromigration of the upper and 
loWer copper Wirings With a tungsten plug formed by the 
embodiment is shoWn in FIG. 4. 

[0067] The ?gure shoWs the time at Which the failure rate 
becomes 50% (ordinate axis) With respect to the Weight ratio 
of copper (abscissa axis) in the test at 200° C. and a current 
density of 2~3 MA/cm2. 

[0068] The tWo-layer Wiring formed by the embodiment is 
shoWn by the solid circles. For comparison, the result With 
the conventional copper alloy With 0.5 ~2.0% of A1 is 
shoWn by the solid rectangles. 
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[0069] As is apparent from this result, the copper Wiring 
formed by the embodiment has a longer lifetime of about 1 
digit longer than the conventional Wiring of AlCu alloy 
Wiring. 
[0070] The Effect of the Invention 

[0071] According to this invention, a loW contact resis 
tance can be obtained With respect to the connection 
betWeen the upper and loWer copper Wirings. Also, the 
anti-electromigration characteristics of the Wiring is 
improved. Further, When an insulation ?lm is formed on the 
copper Wiring, it Will not be peeled off. 

BRIEF DESCRIPTION of the DRAWINGS 

[0072] [FIG. 1] diagram for explaining the principle of 
this invention. 

[0073] [FIG. 2] diagram for explaining the embodiment of 
this invention. 

[0074] [FIG. 3] diagram (1) illustrating the effect of this 
invention. 

[0075] [FIG. 4] diagram (2) illustrating the effect of this 
invention 

DESCRIPTION OF THE SYMBOLS 

[0076] 1 semiconductor substrate 

[0077] 2 insulation ?lm 

[0078] 2S etching stopper ?lm (SIN ?lm) 

[0079] 3 insulation ?lm (LTO ?lm) at the same level as the 
Wiring 

[0080] 4 insulation ?lm (SIN ?lm) for preventing diffusion 
of copper into the oxide ?lm 

[0081] 5 planariZing insulation ?lm (SOG ?lm, HSQ ?lm, 
etc) 
[0082] 6 interlayer insulation ?lm (FSG ?lm of LTO ?lm 
With a loW dielectric constant, etc.) 

[0083] 6Setching stopper ?lm 

[0084] 7 insulation ?lm (LTO ?lm) at the same level as the 
Wiring 

[0085] 8 cover ?lm (SIN ?lm) 

[0086] 10, 14 barrier metal ?lm (TIN ?lm, etc) 11,15 
embedded copper Wiring 12 barrier metal ?lm (high density 
tin ?lm With an orientation(200)/(111) of 1 or above) 13 
tungsten plug 

What is claimed is: 
1] a semiconductor device characteriZed by having a 

Wiring structure in that an upper and a loWer copper Wirings 
are formed through an interlayer insulating ?lm, and said 
upper and loWer copper Wirings are connected With a 
tungsten plug: 

2] The semiconductor device as described in claim 1, 
characteriZed in that a titanium nitride ?lm is interposed 
betWeen said copper Wiring and said tungsten plug, and said 
titanium nitride ?lm has much (200) plane than (111) plane. 

3] The semiconductor device as described in claim 1, 
characteriZed in that said copper Wiring is embedded in a 
trench formed in an insulating ?lm. 
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4] The semiconductor device as described in claim 1, 
characterized in that the cross section of said copper Wiring 
is larger than the cross section of said tungsten plug in the 
current direction. 

5] A method of manufacturing a semiconductor device 
characteriZed by comprising the steps of: 

forming an insulation ?lm on a semiconductor substrate; 

then forming a trench in said insulating ?lm; 

then forming a copper Wiring in said trench; 

then forming an interlayer insulating ?lm on said semi 
conductor substrate, and forming a connection hole in 
said interlayer insulating ?lm to eXpose said copper 
Wiring; 

then, embedding said connection hole With tungsten to 
form a plug; and 

then, forming an upper copper Wiring connected With said 
plug. 

6] The method of manufacturing a semiconductor device 
as described in claim 5, characteriZed in that upon forming 
the copper Wiring, the method further comprises the step of 
forming a ?lm of a compound containing a refractory metal 
or a nitride of a refractory metal as a barrier metal in said 
trench. 

7] The method of manufacturing a semiconductor device 
as described in claim 5, characteriZed by further comprising 
upon forming the copper Wiring, the steps of: 

depositing, using sputtering, a copper ?lm to a thickness 
exceeding the depth of said trench; 

then heating said copper ?lm to a temperature of 
300~450° C. re?oW the copper ?lm; 

then polishing said copper ?lm to form a copper Wiring in 
said trench. 

8] The method of manufacturing a semiconductor device 
as described in claim 5, characteriZed by further comprising, 
upon forming a tungsten plug, the steps of: 

Mar. 7, 2002 

depositing a refractory metal ?lm containing nitrogen 
covering a connection hole formed in an interlayer 
insulating ?lm; 

then depositing a tungsten ?lm, embedding said connec 
tion hole; 

then removing by polishing the refractory metal ?lm 
containing nitrogen and a tungsten ?lm on the inter 
layer insulating ?lm, to planariZe the surface. 

9] A method of manufacturing a semiconductor device 
characteriZed by comprising the steps of: 

forming a copper Wiring in a trench formed in an insu 
lating ?lm; and 

forming a planariZing insulating ?lm on said insulating 
?lm, to planariZe the substrate surface. 

10] A method of manufacturing a semiconductor device 
characteriZed by comprising the steps of: 

forming a copper Wiring; 

heating the substrate in a reductive gas to a temperature 
over 250° C., or reducing an oXide ?lm on a surface of 
said copper Wiring in a plasma of a reductive gas; 

then, Without eXposing said copper Wiring to an eXternal 
atmosphere, depositing an insulating ?lm on said cop 
per Wiring. 

11] A method of manufacturing a semiconductor device 
characteriZed by comprising the steps of: 

forming a connection hole in an insulating ?lm formed on 
a copper Wiring; 

heating the substrate in a reductive gas to a temperature 
over 250° C., or reducing an oXide ?lm on a surface of 
said copper Wiring in a plasma of a reducing gas; and 

then depositing a metal for connection on said copper 
Wiring, 


